Two polymorphisms in the murine double minute 2 (MDM2) gene (rs1690916 and rs2279744) have been associated with the risk of osteosarcoma (OS). When we analyzed these two polymorphisms in two new independents cohorts (Spanish and Slovenian), we found no association. In order to clarify this, we conducted a meta-analysis including six populations, with a total of 246 OS patients and 1,760 controls for rs1690916; and 433 OS patients and 1,959 controls for rs2279744. Pooled odds ratio risks and corresponding 95% CI were estimated to assess the possible associations. Our results showed that these two polymorphisms were not associated with the susceptibility of OS under any genetic model studied. In conclusion, the present meta-analysis indicates that MDM2 rs1690916 and rs2279744 cannot be considered as genetic risk factors for OS susceptibility in the different populations. Therefore, the influence of these two polymorphisms on the risk of OS may be less important than previously suggested. Future studies are needed to confirm these results. O steosarcoma (OS) is the most common primary malignant tumor of bone, mainly occurring in the second decade of life. The precise etiology of the disease remains partially unknown (1). Nevertheless, genetic factors might play a key role in its pathogenesis (2). To date diverse studies have reported associations of common genetic variants in biologically plausible pathways with OS risk (3-6). Among the analyzed variants, rs1690916 and rs2279744 in the murine double minute 2 gene (MDM2) are two of the most recurrently studied and associated with the susceptibility of OS (5,7-9). The MDM2 gene is especially interesting because it functions as an E3 ubiquitin ligase promoting p53 degradation (10,11).
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Two polymorphisms in the murine double minute 2 (MDM2) gene (rs1690916 and rs2279744) have been associated with the risk of osteosarcoma (OS). When we analyzed these two polymorphisms in two new independents cohorts (Spanish and Slovenian), we found no association. In order to clarify this, we conducted a meta-analysis including six populations, with a total of 246 OS patients and 1,760 controls for rs1690916; and 433 OS patients and 1,959 controls for rs2279744. Pooled odds ratio risks and corresponding 95% CI were estimated to assess the possible associations. Our results showed that these two polymorphisms were not associated with the susceptibility of OS under any genetic model studied. In conclusion, the present meta-analysis indicates that MDM2 rs1690916 and rs2279744 cannot be considered as genetic risk factors for OS susceptibility in the different populations. Therefore, the influence of these two polymorphisms on the risk of OS may be less important than previously suggested. Future studies are needed to confirm these results. O steosarcoma (OS) is the most common primary malignant tumor of bone, mainly occurring in the second decade of life. The precise etiology of the disease remains partially unknown (1) . Nevertheless, genetic factors might play a key role in its pathogenesis (2) . To date diverse studies have reported associations of common genetic variants in biologically plausible pathways with OS risk (3) (4) (5) (6) . Among the analyzed variants, rs1690916 and rs2279744 in the murine double minute 2 gene (MDM2) are two of the most recurrently studied and associated with the susceptibility of OS (5, (7) (8) (9) . The MDM2 gene is especially interesting because it functions as an E3 ubiquitin ligase promoting p53 degradation (10, 11) .
MDM2 rs1690916, located at the 3′ untranslated region of the gene, was significantly associated with the risk of OS in a large North-American population including 96 patients and 1,416 controls (7) . They found that rs1690916 AA genotype decreased the risk of the disease. rs1690916 A allele was also found to be associated with a decreased risk of bone tumors in Russian population including 68 patients and 86 controls (9) . However, this study only included 26 OS patients out of 68 analyzed. MDM2 rs2279744, situated in the promoter region, was related to an increased risk of OS (GG vs. TT) in Italian population (211 OS patients and 250 controls) (5), being this association stronger in females. Moreover, a robust correlation between rs2279744 G allele enrichment and MDM2 amplification was found, suggesting the contribution of this polymorphism to OS tumorigenesis (12) . However, this single nucleotide polymorphism (SNP) did not show any association in the North-American population (7) . A meta-analysis evaluating the association between these two polymorphisms and the risk of OS was performed, concluding that both SNPs influence the risk of OS (13) . Nevertheless, some inaccuracies were detected in the study. Among others, the lack of information in the methods used to select the studies and extract the genotyping data and the inclusion of other types of bone tumors in the meta-analysis (not only OS) (14, 15) .
Therefore, this study aimed to clarify the possible association between MDM2 rs1690916 and rs2279744, and risk of OS. We initially analyzed the effect of both polymorphisms in two new independent cohorts of OS patients (Spanish and Slovenian) and performed a new updated meta-analysis following the recommended guidelines published (16) .
RESULTS

Association Study in Spanish and Slovenian Populations
The genotyping success rate was 96.5% for rs1690916 (126 patients and 258 controls) and 94.5% for rs2279744 (120 patients and 256 controls). Genotype frequencies in controls were consistent with those expected from Hardy-Weinberg equilibrium (P > 0.05).
The allelic and genotypic association analyses showed that none of the two MDM2 polymorphisms were associated with OS susceptibility neither in the Spanish, nor in the Slovenian population (P > 0.05, under all the genetic models used) ( Table 1 and Supplementary Table S1 online). When both Systematic Review set of samples were analyzed together, no significant association with OS susceptibility was observed in either set (data not shown).
Meta-Analysis
The original search provided 720 records. After eliminating duplications, 693 records remained. Of these, 670 were discarded after reviewing the abstracts because they did not meet the required criteria for inclusion. The full texts of the remaining 23 studies were examined in detail. Of these, we identified a total of four studies that investigated the association between MDM2 SNPs rs1690916 (n = 2) and rs2279744 (n = 3) and the risk of OS (Figure 1 ). The populations analyzed were Russian (9), American (7), Australian (12) and Italian (5). We added Spanish and Slovenian datasets to the meta-analysis. The characteristics of the six studies are presented in Table 2 . The distribution of genotypes in the controls of each study was in agreement with Hardy-Weinberg equilibrium (P > 0.05).
MDM2 rs1690916 polymorphism.
The meta-analysis on rs1690916 included a total of four populations with 246 OS patients and 1,760 controls. Among them, the American population showed a significant association with OS risk, while the other three populations did not show association. Overall, the meta-analysis results indicated that this polymorphism was not statistically associated with OS risk under any genetic model studied (P > 0.05) (Figure 2) . The heterogeneity of studies on this polymorphism was > 75%, under allele, codominant, and dominant models. The individual study's influence on the pooled results was also analyzed showing that no study affected the pooled OR significantly (see Supplementary  Table S2 online).
MDM2 rs2279744 polymorphism.
A total of five populations including 433 OS patients and 1,959 controls were analyzed in the meta-analysis on rs2279744. Four showed no significant results while one (Italian) showed an increased risk of OS under all genetic models (allele, codominant, recessive, and dominant). The meta-analysis results displayed that rs2279744 polymorphism was not associated with the susceptibility to OS (P > 0.05) (Figure 3) .
Publication bias. The shapes of funnel plot did not reveal obvious evidence of asymmetry (Figure 4) , and all the P-values of Egger's tests were >0.05, providing statistical evidence of the 
DISCUSSION
Association between the MDM2 polymorphisms rs1690916 and rs2279744 and OS risk has been studied but still needs to be clarified. In this study, we analyzed the effect of these two polymorphisms in two new independent cohorts of OS patients, and no significant results were detected. We also performed a meta-analysis with all available data including six populations with a total of 464 OS and 2,048 controls. The results showed that rs1690916 and rs2279744 did not increase the risk of OS. MDM2 polymorphisms rs1690916 and rs2279744 have been widely studied in relation to the susceptibility of OS because of their putative functional effect: rs16909616 is located at 3′ untranslated region of MDM2 and rs2279744 (also known as SNP309) is situated in the promoter. rs2279744 has been shown to increase the affinity of the transcription factor Sp1, incrementing the MDM2 basal level (17) , which in turn could decrease the p53 response leading to the development of the tumor. 11 Our association study, however, showed no relationship between these two polymorphisms and risk of OS in two independent cohorts (Spanish and Slovenian). Moreover, we observed in the metaanalysis that OR values in our two populations were in opposite direction from the previous studies, suggesting the existence of population differences leading to different SNP effects. These differences could be explained by gene environmental interactions.
In line with our results, a recent genome wide association study in OS did not find association with MDM2 (3). Since these negative results were different from previous published results, we decided to perform a deep revision of data published in the literature and realized a new meta-analysis. The results showed no association, in contrast to another metaanalysis previously published, (13) in which some inaccuracies were detected (14, 15) . The differences between both metaanalyses could be due to the fact that our study included two new populations, but they can also be explained because different data from the original articles were selected. In the case of rs1690916, we specifically extracted from the Russian population (9) the genotype data of the OS patients upon request, observing no significant association. In the case of rs2279744 in Australian population (12), we used as controls benign tumors. After doing the association analyses we found no significant association. Taken all these data in consideration, our meta-analysis has several strengths. First, we used a comprehensive search strategy with well-defined inclusion and exclusion criteria. Second, two reviewers performed the study selection and data extraction independently and discrepancies were resolved by consensus. Third, we assessed the quality of the included studies by predefined criteria and the score of included studies here was high (scored at least 5, in 5 out of 6 studies). Finally, all genotype data extracted from the studies are reported in the meta-analysis. Nevertheless, there are still some limitations. First, although we included two new populations to the metaanalysis, the number of cases is still relatively small; which is inherent to the low incidence of this tumor. Second, the heterogeneity of the studies was very high in the case of rs1690916. We explored the sources of this heterogeneity analyzing if any of the studies individually affected the pooled OR. However, none of them altered significantly the pooled OR, indicating that other unknown factors might be the cause. Finally, although we are reluctant to include patients with benign tumors as controls in susceptibility studies, we decided to include the Australian population mainly because it had been included in the previous meta-analysis (13) . In any case, we checked the results with and without this population and they did not vary significantly (data not shown).
In conclusion, the present meta-analysis indicates that MDM2 rs1690916 and rs2279744 are not genetic risk factors for OS susceptibility in the different populations. Therefore, the influence of these two polymorphisms on the risk of OS may be less important than previously suggested. Future studies are needed to confirm these results.
METHODS
Association Study
Study population. Two new independent cohorts of OS patients from Spain (n = 99) and Slovenia (n = 40) and their corresponding controls (n = 167 and n = 92; respectively) were analyzed. The Spanish patients came from the Hospital University La Paz Madrid, the Hospital University Donostia and the Department of Genetics, Physical Anthropology and Animal Physiology of UPV/EHU. The Slovenian patients were diagnosed at the Department of Hematology and Oncology, University Children's Hospital, Ljubljana, Slovenia, or at the Institute of Oncology, Ljubljana, Slovenia (18) . All cases were diagnosed by experienced pathologists and oncologists. Unrelated healthy donors were used as control groups in both populations. Informed consent was obtained from all patients or their parents before sample collection. The study was approved by the local ethics committees (105/2009 and 67/02/12) and was carried out according to the Declaration of Helsinki. Genotyping. Genomic DNA was extracted from peripheral blood using standard procedures. Peripheral blood samples were obtained as the source of DNA from Spanish patients and all healthy controls, while in Slovenian OS patients DNA was extracted from the areas of formalin fixed, paraffin embedded material verified by an experienced pathologist to be representative of normal tissue. The genotyping analyses were performed by using amplification-refractory mutation system polymerase chain reaction (ARMS)-polymerase chain reaction for rs1690916 and polymerase chain reaction followed by restriction analysis with MspA1I enzyme for rs2279744. Duplicates were included in each assay. The polymerase chain reaction products were visualized after electrophoresis on 3% agarose gels. Primer sequences and polymerase chain reaction conditions are described in detail in Supplementary Table S3 online.
Systematic Review and Meta-analysis Search strategy. We performed an exhaustive search to identify studies that examined the association between the rs1690916 and rs2279744 polymorphisms of MDM2 and OS susceptibility. We used the keywords and subject terms ("bone tumor" OR osteosarcoma) AND (polymorphism* OR SNP*), ("bone tumor" OR osteosarcoma) AND (MDM2 OR "murine double minute 2"), (rs1690916 OR rs2279744 OR T309G) for PubMed database (National Center for Biotechnology Information, 
Systematic Review
US National Library of Medicine, Bethesda, MD) searches for articles published until December 2015. All references cited in the studies were then reviewed to possibly identify additional publications. Inclusion and exclusion criteria. Original studies that investigated the association between rs1690916 and rs2279744 polymorphisms and OS risk with sufficient data to calculate crude OR values were included. Reviews, meta-analyses and studies analyzing other regions or variants were excluded. Data extraction. For each article, we gathered year of publication, first author, country of origin, ethnicity of population, sample size and genotype and/or allele frequencies. All data were independently extracted by two investigators and reached conformity on all items through consultation. When it was not possible to extract the genotype data from the article, we contacted the authors to obtain them. Quality assessment. The quality of included studies was assessed independently by two investigators by scoring according to a "methodological quality assessment scale" (see Supplementary Table S4 online), which was modified from previous meta-analyses (19, 20) . In the scale, five items, including the representativeness of cases, source of controls, sample size, quality control of genotyping methods and Hardy-Weinberg equilibrium were carefully checked. Quality scores ranged from 0 to 10 and a higher score indicated better quality of the study. Scores > 5 were considered acceptable.
Statistical Analysis
The data were statistically processed by R version 2.15 software R Foundation for Statistical Computing, Vienna, Austria (http:// www.R-project.org). Genotype frequencies in cases and controls were compared using a χ 2 -test. The deviation from Hardy-Weinberg equilibrium was also calculated by a χ 2 -test (in the healthy population). The effect sizes of the associations were estimated by the odds ratios (OR) from univariate logistic regression using different genetic models. In all cases the significance level was set at 5%. For the metaanalysis, we used an additive model. The overall pooled OR and corresponding 95%CI were estimated using Mantel-Haenszel's method, with random effects model. The heterogeneity was quantified using the I 2 statistic (0-25% no heterogeneity, 25-50% moderate heterogeneity, 50-75% large heterogeneity, and 75-100% extreme heterogeneity). To evaluate the publication bias of literatures in this meta-analysis, Begg's funnel plot and Egger's test were performed (21) . These tests analyze the intervention effect estimates from individual studies against some measure of each study's size or precision. This means that effect estimates from small studies will therefore scatter more widely at the bottom of the graph, with the spread narrowing among larger studies. In absence of bias, the plot should resemble a symmetrical funnel. If there is bias, the plot will have an asymmetrical appearance.
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